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(54) Inverse microlatices 

(57) By a new process, inverse 
microlatices of hydrosoluble coplymers 
are prepared by copolymerization 
within an inverse microemulsion 
obtained by admixing an aqueous 
phase containing the hydrosoluble 
monomers to copolymerize, an organic 
phase and a non-ionic surfactant or a 
mixture ot non-ionic surfactants, whose 
H L B ranges from 8 to 1 1. 

The resultant microlatices can be 
diluted in water so as to form thickened 
solutions, which can be used to 
improve the production of 
hydrocarbons from oil formations, 
particularly in enhanced recovery 
methods or methods for preventing 
water inflows in producing wells. 
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SPECIFICATION 
Inverse microlatices 



The invention relates to a process for manufacturing inverse microlatices by copolymerization, in an in- 
verse rnicroemulsion, of at least two hydrosoluble vinyl monomers, and to the inverse microlatices ob- 
tained by this process. ■ 

It also concerns the use of these inverse microlatices in the preparation of thickened aqueous solutions 
for improving the production of hydrocarbons. 
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Background of the invention 

The energy crisis has lead to the proposal of numerous methods of recovering a maximum amount of 
oil present in oil fields. Among the various considered methods, one consists of flooding the oil field by 
an injection of salt water in order to force petroleum out of the pores of the rock where it is adsorbed. 
However, the difference in flow properties of oil and water considerably reduces the efficiency of said 15 
method. In order to improve this technique, it is known to thicken the injection water by means of hydro- 
soluble polymers, such as partially hydrolized polyacrylamides, acrylamide-sodium acrylate copolymers 
or polysaccharides. 

On the other hand, it has been found that the use of aqueous solutions thicknened by polymers, in- 

20 jected in wells simultaneously producing water and oil, limits water production sufficiently without 2Q 
changing oil production. However, the use of hydrosoluble polymers in actual conditions of use is often a 
delicate operation. As a matter of fact, the handling, storing and dissolution of polyarcrylamides, as pow- 
ders, give rise to certain problems, particularly those due to moistness absorption, producing the forma- 
tion of conglomerates, whose dissolution is time-consuming. 

05 For this reason, new modes of conditioning hydrosoluble polymers have been proposed, particularly 25 
with inverse latices offering, as a rule, ail the advantages associated to liquids handling, in this connec- 
tion US patents 3.284.393, 3.624.019, 3.826.771 and 4.022.731, as well as German patent application DE-A- 
2.554.082 and British patent 2.030.578, are of particular interest. 

In the formulations disclosed in these documents, the surfactant is most often selected from non-ionic 

30 surfactants having alowHLB (Hydrophilic Lipophilic Balance), providing a water-in-oil emulsion. It con- 30 
sists usually of a sorbitan monooleate or monostearate. On the other hand, it has been stated that certain 
surfactants of higher H L B are also able to give water-in-oil emulsions (French patent 2 245 671). 

However, inverse latices obtained according to the prior art methods suffer from different disadvan- 
tages, particularly an instability which results in a strong tendency to settling and in the requirement of 

35 intense and delicate shearing during their dissolution in aqueous phase, i.e. during their inversion. 35 
More recently, it has been proposed to use inverse microlatices of hydrosoluble polymers of improved 
stability (French patent application 2 524 895), prepared by using anionic or cationic surface-active 
agents. 

40 Summary of the invention 40 
We have now found a new process for preparing inverse microlatices, which are stable and transpar- 
ent, of hydrosoluble copolymers, using certain proportions of non- ionic surfactants and resulting in in- 
creased copolymer content. This is of particular interest in view of the use of these microlatices to form 
thickened solutions used for improving the production, of oil fields. 

45 The microlatices prepared by the process of the invention further have the advantage of being auto- 45 
inversable. 

The process for manufacturing inverse microlatices according to the invention is generally defined by 
the following steps of : 

(a) preparing a rnicroemulsion (stable and transparent) of the water-in-oil type, by admixing : 

50 (i) an aqueous solution of the acrylic monomers to be copolymerized with . 50 

(ii) an oily phase, comprising at least one hydrocarbon liquid, 

(iii) in the presence of at least one non-ionic surfactant whose H L B value ranges from 8 to 11 (when 
using a mixture of surfactants, the resultant H L B is considered). 

(b) subjecting the obtained inverse rnicroemulsion of step (a) to polymerization conditions up to com- 

55 plete polymerization and production of a stable, transparent, inverse microlatex of high molecular weight 55 
(the term transparent also meaning translucent). 

An emulsion is a diphasic, turbid, unstable medium. Under stirring, particles, dispersed either in water 
or in oil, are observed which have a wide size distribution about an average value of the order of a mi- 
cron. When polymerizing an emulsion, the polymer is dispersed in the large emulsion drops (diameter of 
60 about 1 to 10 microns) as well as in the small emulsifier micelles (diameter of about 5 to 10 nm). 60 
A rnicroemulsion is also formed of two liquids insoluble in each other and a surfactant, but, in contrast 
with the emulsion, the mere mixture of the constituents gives, without any energy input, a transparent or 
translucent thermodynamically stable medium. 

In the formulations of inverse microemulsions leading to the microlatices. of the invention, the aqueous 
65 phase contains at least two hydrosoluble acrylic monomers on the one hand, acrylamide and/or methac- 6 5 
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rylamide and, on the other hand, at least another acrylic monomer selected from acrylic acid, methacryhc 
acid and alkali salts of these acids. In the mixture of acrylic monomers, the second acrylic monomer 
content may range from 15 to 60 % by weight and mostly from 20 to 45 % by weight. 

In order to obtain an inverse microemulsion, it is generally necessary to use particular conditions 
whose main parameters are as follows : surfactants concentration, H L B of the surfactant or of the sur- 5 
factants mixture, temperature, nature of the organic phase and composition of the aqueous phase. 
The monomers content of the aqueous phase is generally 20-80 % and usually 30-70 % by weight. 
Generally the pH of the monomers aqueous solution ranges from 8 to 13 and advantageously from 9 
ton. 

The selection of the organic phase has a substantial effect on the minimum surfactant concentration I0 
necessary to obtain the inverse microemulsion. This organic phase may consist of a hydrocarbon, or a 
hydrocarbons mixture. Isoparaffinic hydrocarbons or mixtures thereof are the most suitable in order to 
obtain inexpensive formulations (lower content of surfactants) of inverse microemulsions. 

The ratio by weight of the amounts of aqueous phase -and hydrocarbon phase is chosen as high as 
possible, so as to obtain, after copolymerization, a microlatex of high copolymer content. Practically, this )5 
ratio may range, for example, from 0.5 to 3/1; usually it is close to 2/1. 

the one or more surfactants are selected to obtain a H L B value ranging from 8 to 11. As a matter of 
fact, outside this range, the inverse microemulsions either cannot be obtained, or require a considerable 
amount of surfactants, incompatible with an economical process. In addition, in the so-defined H L B 
range, the surfactant content must be sufficient to obtain an inverse microemulsion. Too tow concentra- 20 
tions of surfactants lead to inverse emulsions similar to those of the prior art and form no part of this 
invention. 

Within the H L B range, the surfactant concentration, in proportion to all of the constituents of the 
microemulsion is preferably higher than a value y(in % by weight) approximately defined by the follow- 
ing empirically determined equation : 25 

y = 5.8 x 2 - 110x + 534 
wherein x is the H L B valueof the surfactant or surfactants mixture. 

30 

Brief description of the drawing 

The accompanying drawing shows a curve representing the surfactant concentration versus the H L B 
value. On this figure, the preferred operating range of the invention has been hatched. With respect to 
the upper limit of the surfactant concentration, it is desirable, for economical reasons, to limit said con- 
centration to about 25% by weight of all the constituents of the inverse microemulsion. 35 

When preparing the inverse microemulsion, the temperature of the mixture should be carefully con- 
trolled, in view of the sensitivity to temperature of the inverse microemulsions in the presence of non- 
ionic surfactants. This temperature influence is the higher as the surfactant concentration is closer to the 
minimum content required for obtaining an inverse microemulsion. 

In order to reduce the required surfactant content, and to limit to a minimum the temperature influence 40 
on the stability of the inverse microemulsions, the latter will be, as much as possible, prepared at a tem- 
perature as close as possible to that selected for the copolymerization. 

The hydrosoluble acrylic monomers present in the above-described inverse microemulsion are poly- 
merized photochemically or thermally : the method consists of photochemically initiating the copolymeri- 
zatiori, for example by ultraviolet radiation or thermally by means of a free radical generator, either 45 
hydrophobic, such as, for example, azobisisobutyronitrile, or hydrophilic, such, for example, as potas- 
sium persulfate. 

The copolymerization is performed very quickly, for example in a few minutes, in a photochemical 
way, quantitatively, and leads to the formation of stable and transparent microlatices whose particles 
radius is of the order of 20-40 nanometers with a narrow distribution range. . 50 

The size of the particles dispersed in the inverse microlatices according to the invention may be deter- 
mined by means of quasi-elastic light scattering. The optical source of the light scattering apparatus con- 
sists of a Spectra Physics argon-ion laser operating at 488 nm. The time dependant correlation function 
of the scattered intensity is derived by using a digital correlator with 72 channels. The intensity correla- 
55 tion data have been treated by using the method of cumulants, giving the average decay rate <F of the 55 
correlation function and the variance V. The latter measures the amplitude of the distribution of the de- 
cay rate and its value is given by the formula: 
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v = «r> 2 <r z >)/<r> 2 

60 

wherein <P> is the second moment of the distribution. 

For copolymers solutions of low polydispersity, the variance V, as a first approximation, is related to 
the polydispersity index Mw/Mn (weight average molecular weight/number average molecular weitht) by 
the relationship : 
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Mw/Mn = 1 + 4 V 

The molecular weight of the obtained copolymers depends to a large extent on the copolyrnerization 
temperature Temperatures lower or equal to about 30°C are always preferred when very h.gh molecular 
weights are desired, as for inverse microlatices destined to be used in Enhanced Oil Recovery 5 

The process of the invention provides stable and transparent inverse microlatices of h.gh hydrosoluble 
copolymers content {20 to 35 % by weight). The inverse microlatices. prepared in the presence of non- 
ionic surfactants, have a remarkable stability to temperature in contrast with the inverse m.croemuls.ons 
from which they are issued. „ =r+ :^ 

Inverse microlatices obtained by the process of the invention, can be used in many appl.cat.ons, partic- 10 
ularly in the techniques of oil production : Hydrocarbons Enhanced Recovery, ground consolidation, 
manufacture of drilling muds, prevention of water inflows during the bringing in product.on of oil wells, 
and as completion of fracturation fluids. 

Generally the Enhanced Oil Recovery methods with the use of polymer aqueous solutions consist ot 
injecting said solutions in the field through at least one injection well, to circulate it through the forma- 15 
tion and recover the displaced hydrocarbons through at least one producing well. ■ 

The methods using inverse microlatices of the invention for Enhanced Recovery are not substantially 
different from those above-described for the water-in-oil emulsions. The inverse microlatices considered 
in this invention are auto-inversable and it is not necessary generally to add an additional surfactant to 
favour the inversion, as in certain above-described methods. These microlatices are used, for example 20 
after dilution in water, in a proportion of 50 to 5000 ppm, preferably 100 to 2000 ppm by weight of copol- 
ymer with respect to the resultant aqueous phase. Tests conducted in laboratory have shown the effi- 
ciency of the inverse microlatices used. . . 

The method for preventing water inflows in producing wells, consists of injecting into the producing 
well in the part of the field to be treated, an aqueous solution of polymer, prepared according to the 2 5 
invention by inverse microlatex dissolution in water. The polymer is adsorbed to a large extent on the 
walls of the formation surrounding the well where it is injected, when said well is then brought aga.n in 
production, the oil and/or the gas selectively traverse the treated zone whereas the water passage is re- 
cl uced 

In additon to these applications, the hydrosoluble polymers, prepared as a microernulsion, may be 30 
used as : 

-coagulants for separating solids suspended in liquids 

-floatation and draining adjuvants in the manufacture of paper pulp ; or still 

-flocculants in water treatment 

The inverse microlatices obtained by the process of the invention may also be used in assembling of 35 
glass fibers, in leather industry or in the field of paints. 

• Cup rrj ryfpc 

The following examples illustrate the invention, but must not be considered as limiting in any way the 
scope thereof. Examples 1, 10 and 14 to 17 are given by way of comparison and form no part of the 40 
invention. 



Example 1 (comparative) A , 

77 8 g of SOLTROL 220 (inorganic paraffinic oil having an initial distillation_point of 244 C and a Tinai 

45 point of 287°C), 25 g of a mixture of 21.4 g of polyoxyethylene sorbitol hexaoleate (ATLAS G 1086) and 45 
3 6 g of sorbitan sesquioleate (ARLACEL 83) whose HLB (hydrophilic lipophilic balance) is 9.25, are ad- 
mixed under stirring. 61.3 g of acrylamide and 20.7 g of glacial acrylic acid are dissolved in a mixture of 
42.2- g of distilled water with 23.0 g of a 50 % by weight sodium hydroxide solution and this solution is 
added to the oil/surfactant mixture. The amount of surfactants corresponds to 10% by weight of all the 

50 constituents. After one hour of purge with nitrogen at room temperature, the resultant emulsion (turbid 50 
and unstable) is heated to 40°C and 6.5 10" mole of t-butyl peroxypivalate per mole of monomer are 
added thereto, the temperature being maintained between 40 and 50°C for about 1 hour. 
The so-obtained latex is turbid and decantation takes place during storage. 



55 £X When e example 1 is repeated, but with the use of 63.5 g of surfactants mixture, which corresponds to 
22 % by weight of all the constituents, the resultant mixture, in contrast to example 1, is limpid and 
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ZZ % dy weigni ot an ine consuLuema, < — — - - . " - - _ + n ooH 

monophasic (microernulsion) and remains as such after copolyrnerization. By precipitation in acetone and 
successive washings with acetone and methanol, an acrylamine-sodium acrylate copolymer is obtained. 
Its viscosity in aqueous solution (400 ppm of copolymer and 5000 ppm of Nad), measured at 30 C, is 
1.30 mm 2 /s. 
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Examole 3 

Example 1 is repeated but with the use as organic solvent of an isoparaffinic cut (ISOPAR M) having an 
initial distillation point of 207°C and a final point of 254 C C, and of a mixture of surfactants (36.6 g) corre- 
soondinq to 14 % of the weight of all the constituents. The resultant mixture is limpid and monophasic. 

After copolymerization, a monophasic mixture (microlatex) containing 35.3 % by weight of acrylamide- 5 
sodium acrylate copolymer is obtained. An aqueous solution containing 400 ppm of said copolymer and 
5000 ppm of NaCI, measured at 30°C has a viscosity of 1.4 mmVs. 

EX 255Qof ISOPAR M and 90 g of a mixture of surfactants consisting of 12.6 g of sorbitan sesquioleate 10 
and 77 4 g of polyoxyethylene sorbitol hexaoleate (resultant HLB: 9.3) are added to an aqueous solu- 
tion containing 38.25 g of acrylic acid and 89.25 g of acrylamide neutralized with sodium hydroxide to a 
pH close to 10. This amount corresponds to 15 % by weight of all the constituents. 0.21 g of azobisisobu- 
tyronitrile is added to the resultant monophasic mixture which is degased for 1 hour and heated for 2 
hours at 60°C, giving a stable and transparent mixrolatex whose particles radius, determined by quasi- 15 
elastic light scattering, is about 25nm, with a variance of 3 %. 

By precipitation in acetone and successive washings with acetone and methanol, an acrylami de-so- 
dium acrylate copolymer is obtained (with a total conversion) whose viscosity, determined at 30°C m a 
400 ppm copolymer and 5000 ppm NaCI aqueous solution, is 1.5 mm 2 /s. 

Example 5 , 

Example 4 is repeated, except that azobisisobutylonitrile is omitted and the copolymerization is con- 
ducted under U.V. radiation for 5 minutes, the temperature being maintained at 29 C C. With a total conver- 
sion an acrylamide-sodiurn acrylate copolymer is obtained whose viscosity, measured at 30°C in a 400 
ppm copolymer and 5000 ppm NaCI aqueous solution, is 3.15 mm Vs. On the other hand, the intrinsic 2 5 
viscosity of said copolymer, dissolved in a water containing 20 g/l of NaCI, has been found equal to 3250 
cc/g on the basis of measurements effected with a LS 30 viscosimeter of CONTRAVES Company and 
extrapolated to zero concentration and shear rate. 

30 

Example 6 . ■ , , * 

In the conditions of example 4 for carrying out the inverse microemulsion, the proportions of each ot 
the two surfactants are varied and the minimum amount of surfactants for obtaining, after copolymeriza- 
tion, a stable and transparent inverse microlatex, is determined in each case. 
The results are reported in the following table : 
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TABLE 1 



8.5 


18 


9 


14 


9.5 


12 


10.2 


16 



35 



Minimum surfactant concentration 
to obtain a stable and transparent 
HLB inverse microlatex 40 

(% by weight) 
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50 200 g of ISOPAR M and 92 g of the surfactants mixture of example 5 are added to 400- g of an aqueous 50 
solution containing 60 g of acrylic acid, 140 g of acrylamide and the sodium hydroxide amount required 
to attain a pH close to 10. This amount corresponds to 13.3 % by weight of all the constituents. The 
copolymerization, conducted under the same conditions as described in example 5, provides a stable and 
transparent microlatex whose particles radius, determined by quasi-elastic light scattering, is about 40 

55 nm, with a variance of 5%. This inverse microlatex contains 31 .6 % by weight of an acrylamide-sodiurn 55 
acrylate copolymer containing 35.9 % by weight of sodium acrylate. 
The intrinsic viscosity of said polymer is 3520 cc/g (solution at 20 g/l of NaCI). 

Example 8 

60 200 g of ISOPAR M and 1 06 g of the mixture of surfactants of example 4 are added to 400 g ot an bo 
aqueous solution containing 40 g of acrylic acid, 160 g of acrylamide and the sodium hydroxide amount 
required to attain a pH of 9. This amount corresponds to 15 % by weight of all the constituents. The 
copolymerization, conducted in the same conditions as in example 5, gives a monophasic mixture con- 
taining 30.1 % by weight of acrylamide-sodiurn acrylate copolymer containing 24.6 % by weight of so- 

65 dium acrylate. 
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The viscosity of an aqueous solution containing 400 ppm of said copolymer, determined at 30*0 in the 
presence of 5 g/l of NaCI, is 2.7 mmVs. 

Example 9 

5 When, in example 8, ISOPAR M is replaced with trimethyl- pentane, everything else being unchanged, 6 
an inverse microlatex of similar characteristics as in example 8 is obtained. 

Example 10 (comparative) 
When, in example 8, the isoparaffinic solvent (ISOPAR M) is replaced with an aromatic solvent (tol- 
10 uene), everything else being unchanged, it is impossible to obtain an inverse microemulsion, even with 1Q 
the addition of high amounts of surfactants (31 % by weight). 

Example 7 7 

200 g of ISOPAR M and 1 15 g of a mixture of surfactants containing 1 1 % by weight of sorbitan tri- 
oleate (montane 85) and 89 % by weight of ethoxylated sorbitan trioleate (montanox 85) are added to 400 15 
g of an aqueous solution containing 60 g of acrylic acid and 140 g of acrylamide, whose pH has been 
brought to 10 by addition of sodium hydroxide. The H L B of the surfactants mixture is 10 and the surfac- 
tants amount corresponds to 16 % by weight of all the constituents. 
The'copolymerization, conducted in the same conditions as described in example 5, gives a mono- 
20 phasic mixture containing 30.5 % by weight of an acrylamide-sodium acrylate copolymer containing 35.9 2 0 
% by weight of sodium acrylate. 
The intrinsic viscosity of said polymer is 3200 cc/g (in aqueous solution at 20 g/l of NaCI). 

Example 12 

25 200 g of ISOPAR M and 1 15 g of the mixture of surfactants of example 1 1 are added to 400 g of an 2 5 
aqueous solution containing 170 g of acrylamide and 30 g of acrylic acid, whose pH has been brought to 
9 by addition of sodium hydroxide. This amount corresponds to 16 % by weight of all the constituents 
The copolymerization, achieved in the same conditions as in example 5, gives a monophasic mixture 
containing 29.3 % by weight of an acrylamide-sodium acrylate copolymer containing 18.7 % by weight of 

30 sodium acrylate. 30 

Example 13 

200 g of ISOPAR M and 100 g of polyoxyethylene sorbitol oleate (ATLAS G 10871 ; H LB 
9.2) are added to 400 g of an aqueous solution containing 50 g of acrylic acid and 150 g of acrylamide, 
35 whose pH has been brought to 10 by addition of sodium hydroxide, this amount corresponds to 14.3 % 35 
by weight of all the constituents. 

The so-obtained copolymerization of the inverse microemulsion, conducted in the conditions described 
in example 5, gives a stable and transparent inverse microlatex containing 30.7 % by weight of an acry- 
lamide- sodium acrylate copolymer containing 30.3 % by weight of sodium acrylate. 
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Example 14 (comparative) 

When example 7 is repeated, except that the proportions of the two surfactants are modified so as to 
obtain the resultant H L B of 7.6, it is not possible to obtain, in these conditions, any inverse microemul- 
sion; even when adding high amounts of surfactants (more than 31 % by weight). 
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Example 15 (comparative) 

When, in example 7, the mixture of surfactants is replaced with ethoxynonylphenol containing 8 ethyl- 
ene oxide recurrent units per molecule and having a H L B of 12.3, everything else being unchanged, it is 
not possible to obtain in these conditions, any inverse microemulsion, even when adding high surfactant 
50 amounts (more than 35 % by weight). -50 

Example 16 to 22 

225 g of ISOPAR M and a variable amount of a mixture of surfactants having a H L B value of 9.3, 
already used in certain of the preceding examples (14 % by weight of sorbitan sesquioleate and 86 % by 

55 weight of polyethoxylated sorbitol hexaoieate are added to 255 g of an aqueous solution containing 44 g 55 
of acrylic acid and 82 g of acrylamide, neutralized with sodium hydroxide up to a pH close to 10. The 
amount of surfactant mixture is reported in table II hereinafter. The resultant mixture is degased and then 
heated at 45°C for 45 minutes in order to copolymerize the monomers. 
There is thus obtained a series of inverse latices whose final copolymer concentration is about 22 to 25 

60 % by weight with respect to all the constituents. The proportion of sodium acrylate in the copolymers is 60 
42 % by weight. Table II hereinafter reports, for the final latices, the values of optical transmission meas- 
ured by turbidimetry, the hydrodynamic radii R„ of the particles, determined by the quasi-elastic diffusion 
of light and an evaluation of the stability of said latices. 
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TABLE II 












Stability 


Examples concentration 


transmission 


ft. 


{% by weight) (%) 


(nm) 






16* 8.2 


1.1 


>89 


Sedimentation 


17* 11.0 


1.2 


>60 


after a few 






hours 


18 13.4 


82 


37 


Stable 


19 15.5 


82 


35 


even 


20 18.0 


85 


27.5 


after 


21 20.2 


88 


25 


several 


22 21.1 


91 


24 


months 



* comparative examples 

From this table, it appears that microlatices obtained in examples 18 to 22 are stable and have a high 
optical transmission and a small particles radius, in contrast with the results obtained in examples 16 and 

1? The values of surfactants or surfactant mixtures concentrations, taking into account the corresponding 
H LB values, were used to draw a curve shown in the accompanying figure, indicating the approximative 
limit between a zone wherein no stable inverse microlatex is obtained and a zone wherein stable mverse 
microlatices can be obtained. On this figure, the preferred domain of the invent.on has been hachured. 



Examples 23 to 25 , Iu . R 

100 g of ISOPAR M and 53 g of the same surfactants mixture as in the preceding examples (n Lb 
9.3) are added to 200 g of an aqueous solution containing 30 g of acrylic acid and 70 g of acrylam.de, 
•,0 neutralized with sodium hydroxide up to a pH close to 9. . „ . „„ 

The obtained monphasic mixture, to which is added 0.15 g of azob.s.sobutyron.trile .s degased and 
maintained for 5 hours at a temperature differing according to the considered example. Always a stable 
and transparent inverse microlatex is obtained and the copolymer.zation .s complete. 
By precipitation in acetone and successive washings with acetone and methanol, acrylam.de-sod.um 
35 acrylate copolymers are separated and their viscosity determined, at 30°C, in aqueous solutions contem- 
ing 1000 ppm of copolymer and 5000 ppm of sodium chloride. The viscosity values are different accord- 
ing to the copolymerization temperature : 

Example 23 T= 60°C Viscosity :-2.4 mmVs 
Example 24 T = 40°C Viscosity : 4.9 mm'/s 
Example 25 T° = 25°C Viscosity : 7.4 mm'/s 

Example 26 

Test of injectivity in porous medium ..nice cm qo n f «r=o 

A porous medium is prepared by packing, in a glass cylinder, sand from ENTRAIGUES EN 38, of g an- 
ulometry ranging from 28 to 50 „m. The characteristics of the so- obtained porous medium are as fol- 
lows : L = 60 mm, 0 =20mm, Vp = 8.6 cc, k = 2.04 D, <p = 45% (k = permeability to water expressed m 

D r s y olution ofSlamide-sodium acrylate copolymer (1000 ppm) is prepared by dispersing the inverse 
microlatex obtained in example 7 in a field brine of total salt content close to 3 g/l. The rheolog.cal curve 
of said copolymer solution, as determined by means of LS 30 viscosimeter, makes apparent the presence 
of a plateau in the values of relative viscosity versus shear rate (relative viscosity at zero shear rate : -nr. 

2 The polymer solution is then injected at constant rate (q-1.5 cc/h by means of a piston pump of per- 
fuser type ; the pressure losses are measured at the terminals of the porous medium for the P°Jy™ er 
solution and expressed in proportion to the values initially obtained with the field brine. Thus a mob l.ty 
ratio is defined which, in the experiment conditions, becomes stabilized at a value of 21 6 It is further 
cn observed that the stabilization of the mobility decrease corresponds to an equal.zation of the polymer 
60 concentrations, determined by viscosimetry, between the input and the output of the cor* The compari- 
son of the mobility decrease values with the plateau viscosity on the one hand, and the absence of poly- 
mer losses between the input and the output of the porous medium on the other hand, shows that tor 
the selected porous medium, the injectivity of the microlatex dispersion is sat.sfactory. Particularly, no 
65 mark of clogging was observed. 
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When injecting field brine after the polymer solution, a value of the permeability reduction of 2.36 is 
obtained which characterizes the presence of an adsorbed polymer layer on the walls of the porous me- 
dium. This behaviour is characteristic of an acrylamide-sodium acrylate copolymer of high molecular 

= W On h the other hand, the fact that the permeability to water is permanently reduced makes possible to 5 
contemplate the use of the inverse microlatices of the invention in the prevention of water inflows in 
producing wells, as illustrated in the following example. 

in ^tTorlul medium (L = 20 cm ; 0 = 5 cm) is prepared by coring a Vosges sandstone containing about 10 
10 % of clay The permeabilities of this Vosges sandstone to sea water (total salt content = 37 g/ and to 
the field water (total salt content - 8 g/l) are respectively 0.478 D and 0.467 D. the porosity is 18 A. 

From the microlatex of example 13, a solution is separately prepared which contains 500 ppm of active 
copolymer in sea water and in field water. The relative viscosities obtained in the Newtonian zone of said 
microlatex dispersed in both water types are respectively T,r B = 5.1 (field water) and T,r c = 3.1 (sea water), 15 
the ratio of the two viscosities being equal to 1.65. mmresKit 
In conformity with the teaching of the French patent 2 325 797 (corresponding to US patent 4 095 651) 
issued to the name of the applicant and concerning the prevention of water inflows in producing wells, 
the microlatex solution (Cp = 500 ppm) is injected at constant rate q = 3 cm'/h (-y = 2.1 sec-') in sea 
water (t = 30°C) After injection of about 5 Pv (Pv = pores volume) of said microlatex solution, the poly- 2 0 
mer injection is discontinued and sea water is injected by the inlet face of the core in view to determine, 
on the one hand, the decrease of permeability R.to sea water before and after the polymer introduction 
and on the other hand, to deduce therefrom a thickness of the adsorbed layer, calculated by the formula 
B = ' Rp (1 _ {1)/(4VFU) wherein R 0 designating the average pore radius is equal to V8k/<p. 
The"obtained values are as follows : R, = 1.80, 8 = 0.62 n-m. 25 
Through the outlet face of the core, field water is injected in the opposite direction, thus simulating the 
water production in the producing well. New values of the permeability reduction and of the thickness of 
the adsorbed layer are thus respectively obtained : R k = 2.92, 8 = 0.90 micron. The ratio-of the respective 
thicknesses of adsorbed layers respectively with the field water and the sea water is 1.61, value wh.ch is 
very close to 1.65, representing the ratio of the plateau viscosities in said two waters. This indicates that 30 
the introduction of the copolymer took place in such conditions that the thickness of the adsorbed layer 
varied in the same ratio as the viscosities. Accordingly, the production of soft water from field is de- 
creased, thereby decreasing the production water/oil ratio (WOR). 

35 CLAIMS - 35 

1. A process for producing a stable inverse microlatex which comprises: 

^anYq^ou? solution containing at least one acrylic monomer (i) selected from acrylamide and methac- 
40 rylamide, and at least another acrylic monomer (ii) selected from acrylic acid, methaciyl.c acid and alkal, 40 
salts of said acids, at a concentration of from 20 to 80 % by weight in said aqueous solution ; 

-an oily phase comprising at least one hydrocarbon liquid, the ratio by weight between said aqueous 
solution and said oily phase being from 0.5/1 to 3/1, and 

a non-ionic surfactant or a non-ionic surfactants mixture having an H L B from 8 to 11m a Proportion, 
45 with respect to all the involved constituents, at least equal to a value y, given, in percent by weight, by 45 

the relationship: 

y = 5.8 X 2 - 110 X + 534 

wherein X is the H LB of said surfactant or said surfactants mixture, so as to form an inverse microemul- 

50 S '°bi subjecting the inverse microemulsion obtained in step (a) to copolymerization condition. 
2 A process according to claim 1 wherein the acrylic monomer (ii) is sodium arcy ate. 
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2. A process according iu udim i wueicu* y »w ■ ■ 1C 

3. A process according to either of claims 1 and 2, wherein said acrylic monomer (..) amounts to 15- 

60 % by weight of the acrylic monomers mixture. <A , oin ht n f cc 

55 4. A process according to claim 3 wherein said acrylic monomer (,.) amounts to 20-45% by we.ght of 55 
the acrylic monomers mixture. 

5. A process according to any one of claims 1 to 4 wherein ,n step (a), the pH of said aqueous solu- 

^ '^praces^ according to any one of claims 1 to 5 wherein in step (a), the oily phase comprises at 

60 least one isoparaffinic hydrocarbon. '. .«,:„!,♦ h ^.,D 0 n 

7. A process according to any one of claims 1 to 6 wherein in step (a), the ratio by we.ght between 
the monomers aqueous solution and the oily phase is about 2/1. 1MirfclntJ , nt nr 

8. A process according to any one of claims 1 to 7 wherein in step (a), the proportion of surfactant or 
surfactants mixture, is at most 25% by weight of all the constituents of said inverse microemulsion. 
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, 9. A process according to any one of claims 1 to 8 wherein in step (b), the polymerization is con- . 

ducted by heating in the presence of a radical reactions initiator. 

10. A process according to any one of claims 1 to 8 wherein in step (b) the polymenzation is initiated 

5 bY llL dl A process for the preparation of an inverse microlatex substantially as herein described in any 5 
one of Examples 2-9, 11-13 and 18-27. 

12. An inverse microlatex obtained by a process according to any one of claims 1 to 11 and having a 
copolymer content from 20 to 35% by weight. ' . 

13 A method for preparing a thickened aqueous solution, which comprises diluting in water an m- 

10 verse microlatex according to claim 12, in such a proportion that the resultant aqueous solution has a JQ 
copolymer concentration from 50 to 5000 ppm by weight. 

14 A thickened aqueous solution which has been obtained by the method of claim 13. 

15. A process for improving hydrocarbon production from an oil formation, which comprises injecting 
in at least one well an aqueous solution according to claim 14. 
15 16. . A process according to claim 15, applied to enhanced recovery of hydrocarbons, wherein said. 15 
aqueous solution is injected through at least one injection well. 

17. A process according to claim 15 r applied to the prevention of water inflows, wherein said aqueous 
solution is injected in at least one oil or gas producing well. _ - 

18. Each and every process, method, product, composition, feature and combination of features suo- 

20 stantially as herein disclosed. 20 
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